The therapeutic efficacy of a combination of gentamicin with carbenicillin was compared with those of each antibiotic alone. The efferent urinary ducts of rats were infected with Pseudomonas aeruginosa and antibiotic therapy was started six days later. After seven days' therapy quantitative bacteriological findings in the urine and renal tissue were compared with those of untreated rats that had been infected. The degree of infection was least in the group treated with concurrent gentamicin and carbenicillin. It was concluded that the therapeutic efficacy of the gentamicincarbenicillin combination exceeded those of each antibiotic administered alone.
Urinary tract infections due to Pseudomonas aeruginosa are very difficult to manage and may lead to complications including a potentially fatal bacteraemia (McCabe and Jackson, 1962; Melnick and Litvak, 1963) . These infections occur mainly in urological wards and affect postoperative patients who undergo repeated catheterization of the urinary bladder or have functional and anatomical disturbances of the efferent urinary ducts. Interest in Pseudomonas infections has recently been increasing, especially in connexion with kidney transplantation, as the lowering of resistance by immunosuppressive agents plays a major role in the development of infections (Khastagir, Montandon, Nakamoto, and Kolff, 1969; Pletka, Cohen, Hulme, Kenyon, Owen, Thompson, Snell, Mowbray, Porter, Leigh, and Peart, 1969) .
Until recently the only two antibiotics effective against Ps. aeruginosa were polymyxin B and colistin. Polymyxin B therapy, however, involves a risk of damage to the kidneys and to the central nervous system, while the efficacy of colistin in vivo is unsatisfactory. The susceptibility of the strain Pseudomonas aeruginosa used in our experiments was investigated by a tube-dilution method. The strain was chosen at random and we cannot say whether it was one of the more susceptible or not. According to bactericidal concentrations of gentamicin and carbenicillin, this strain seems to be relatively susceptible.
Materials and Methods
A suspension was prepared of Ps. aeruginosa, strain no. 1908/69, isolated from the urine of an inpatient in the urological ward. This was diluted with normal saline to give a concentration of about 2 x 108 cells/ml. Tube dilution tests on this strain indicated that the minimum inhibitory and bactericidal concentrations of gentamicin were 0-5 and 12-5 ,Lg/ml and those of carbenicillin were 50 and 100 ,ug/ml, respectively.
The experimental animals were albino, Wistar female rats each weighing 200 ± 20 g. While under L. Konkickova and V. Prdt general anaesthesia with pentobarbitone sodium, the anterior upper wall of the urinary bladder of each animal was incised approximately 2-3 mm and then sutured with three stitches. Immediately after suturing, 0-1 ml of a freshly prepared suspension of Ps. aeruginosa was injected through the wall into the bladder lumen using a thin needle. This procedure has been shown to result in a long-lasting chronic cystitis with high bacteriuria (Prat, Konickova, Ritzerfeld, and Losse, 1969; Prat, Koni&cova, and Hatala, 1969b and c) .
Six days afterwards therapy was started with either carbenicillin, gentamicin, or one of two different combinations of both antibiotics. Duration of therapy was seven days. The first group of rats received carbenicillin intramuscularly at a dose of 330 mg/kg three times daily. The second group received gentamicin intramuscularly at a dose of 3 mg/kg three times daily. Another group received carbenicillin 330 mg/kg plus gentamicin 3 mg/kg, intramuscularly, three times daily. The fourth group were given the combination intramuscularly at half this dosage, three times daily. Concurrently with the carbenicillin, probenecid 20 mg/kg three times daily was given by stomach tube. Probenecid inhibits the tubular secretion of carbenicillin thereby retarding renal elimination and prolonging high carbenicillin blood levels. During this seven-day period a control group of infected rats received 2 ml distilled water three times daily by stomach tube. This corresponded to the volume of probenecid solution given and eliminated the potential influence on the urinary infection of enhanced diuresis.
The rats were killed by intraperitoneal injection of pentobarbitone sodium three to five days after the conclusion of therapy (the controls were killed on the first day and equal parts of each group were sacrificed on the second and third days). At necropsy the abdominal cavity was opened and urine withdrawn from the bladder via an injection needle. Both kidneys were then removed under sterile conditions, washed with sterile normal saline, and placed separately on Petri dishes. Both the urine and the homogenized renal tissues were examined bacteriologically. Serially diluted samples of urine and tissue homogenate were surface-innoculated onto Endo agar plates. The results were read after 18 hours' incubation at 37°C and the colony count was calculated per millilitre of urine or per gram of renal tissue.
The Wilcoxon non-parametric test was used to compare the Ps. aeruginosa content of the treated and untreated groups. The bacteriological findings were also expressed as point ratings as used in previous studies . In addition the body weight changes occurring during the experiment were evaluated.
Results
Necropsy showed connective adhesions between the urinary bladder and adjacent tissues, and the bladder wall was thickened at the site of the incision. In several instances residues of the suturing material were apparent. No calculi were found in the bladder and in all cases the kidneys had a normal gross appearance.
The quantitative bacteriological findings in the urine and kidneys, along with the point ratings, are given in Table I . In all 10 untreated control animals the microbial concentration in the urine was high, usually about 106/ml. In the rats treated with carbenicillin or gentamicin alone, the mean microbial concentrations in the urine were somewhat lower than in the controls but the differences were not statistically significant. Therapy with both antibiotics together, whether at low or high dosages, did not result in Pseudomonas-free urine, but on average the degree of infection was statistically lower than in control animals. The latter showed a lower degree of infection in the kidneys than in the urine. This was usually about 104 cells per gram of tissue. After therapy with carbenicillin alone practically no differences compared with the controls were found whereas after gentamicin therapy the infection was lower by a statistically significant degree. The most conspicuous effect was that of the combination of both antibiotics at the higher dosage. After therapy the renal tissue was bacteriologically negative in 15 out of 19 kidneys, with a very low microbial count in the remaining four kidneys. Lower doses of the combination also led to significantly better results than those obtained in the controls or in the groups receiving therapy with a single antibiotic. The number of positive findings, however, exceeded that obtained after combined therapy at the higher dosage.
A survey of mean body weights of the rats before therapy and at necropsy (Table II) showed that a significant body weight loss was registered only in the untreated controls. In the other experimental groups the changes were not significant, apart from an increase in body weight after gentamicin therapy.
Discussion
The reported synergism in vitro of gentamicin with carbenicillin against Ps. aeruginosa does not necessarily guarantee clinical efficacy. This attempt to evaluate gentamicin/carbenicillin combinations in vivo in an experimental model of cystitis in rats was made for the following reasons:
1 Infections of the lower urinary tract by Ps. aeruginosa occur mainly in patients with an underlying urological condition.
2 The major part of these antibiotics is excreted through the kidneys and attains high levels in the urine. Other authors (Kunin, 1969) In a Pseudomonas urinary tract infection the kidneys are infected to a greater degree than has previously been found in the analogous E. coli cystitis model . Even so, the presence of pyelonephritis was unlikely because at necropsy the kidneys always showed a normal gross appearance. Since histological examinations of the kidneys were not made, however, the presence of microscopic or inflammatory changes cannot be eliminated.
The results under our experimental conditions are in agreement with the sensitivity tests in vitro. They confirm the synergy obtained with a combination of gentamicin and carbenicillin which resulted in an extinction, or at least a restriction, of the renal infection. In the urine a reduction in the degree of infection was also apparent, but infection was only occasionally completely eliminated. The most likely explanation of these differences is that the renal infection was of a lower severity than the bacteriuria. The suture, and also the lesion of the bladder wall due to cicatrix, may have played some part in causing the lower response of the bladder infection. Presumably this site is the principal focus of infection in which the microbes propagate and from where they infect the urine and possibly penetrate the kidneys by reflux.
